Lifestyle interventions remain the cornerstone therapy for non-alcoholic fatty liver disease (NAFLD). This randomised controlled single-blind clinical trial investigated the effect of Mediterranean diet (MD) or Mediterranean lifestyle, along with weight loss, in NAFLD patients. In all, sixty-three overweight/obese patients (50 (SD 11) years, BMI = 31·8 (SD 4·5) kg/m 2 , 68 % men) with ultrasonography-proven NAFLD (and elevated alanine aminotransferase (ALT) and/or γ-glutamyl transpeptidase (GGT) levels) were randomised to the following groups: (A) control group (CG), (B) Mediterranean diet group (MDG) or (C) Mediterranean lifestyle group (MLG). Participants of MDG and MLG attended seven 60-min group sessions for 6 months, aiming at weight loss and increasing adherence to MD. In the MLG, additional guidance for increasing physical activity and improving sleep habits were given. Patients in CG received only written information for a healthy lifestyle. At the end of 6 months, 88·8 % of participants completed the study. On the basis of intention-to-treat analysis, both MDG and MLG showed greater weight reduction and higher adherence to MD compared with the CG (all P < 0·05) at the end of intervention. In addition, MLG increased vigorous exercise compared with the other two study groups (P < 0·001) and mid-day rest/naps compared with CG (P = 0·04). MLG showed significant improvements in ALT levels (i.e. ALT < 40 U/l (P = 0·03) and 50 % reduction of ALT levels (P = 0·009)) and liver stiffness (P = 0·004) compared with CG after adjusting for % weight loss and baseline values. MDG improved only liver stiffness compared with CG (P < 0·001) after adjusting for the aforementioned variables. Small changes towards the Mediterranean lifestyle, along with weight loss, can be a treatment option for patients with NAFLD.
risk factors, cancer (11) , T2DM (12) and risk of metabolic syndrome (13) . Moreover, evidence from limited epidemiological data indicates that greater adherence to the MD is associated with lower probability of having NASH (14) or metabolic syndrome in NAFLD patients (15) . Although data from interventional studies are sparse, in the uncontrolled clinical trial of Trovato et al. (16) adherence to the MD was associated with improvements in liver fat content. Accordingly, in the cross-over clinical trial of Ryan et al. (17) , increased adherence to the MD was associated with reduced intrahepatic lipid as assessed by magnetic resonance spectroscopy ( 1 H-MRS), improved insulin sensitivity and fibrosis compared with a low-fat/high-carbohydrate controlled diet, under conditions of weight maintenance. Recently, the potential additional effects of other aspects of the Mediterranean lifestyle (i.e. adequate sleep and physical activity) have been discussed in the more recent version of the MD pyramid (18) .
Given the small number of interventional studies focused on the effects of MD in NAFLD, the present study aimed at exploring the potential benefits of an intervention based on the MD per se or the Mediterranean lifestyle, along with weight loss, on clinical and laboratory characteristics (i.e. liver enzymes and liver stiffness) of ultrasound-proven NAFLD patients, compared with usual care.
Methods

Study design
The present study was a randomised, controlled single-blind clinical trial. Eligible participants were randomly assigned for 6 months to one of the following three groups: (A) control group (CG), (B) Mediterranean diet group (MDG) or (C) Mediterranean lifestyle group (MLG). The randomisation was made using a random numbers system. Each patient was fully informed about the goals and procedures of the study and provided a written consent before enrolment. The recruitment, allocation and intervention of the study were conducted from May 2013 to June 2016. The study was carried out in accordance with the regulations of EU directive 28/2005/EC for clinical trials and was approved by the Bioethics Committee of 'Harokopio University'. The study was also registered in the American National Health Institute records (ClinicalTrials.gov, ID: NCT01894438). Moreover, the study protocol was designed in compliance with the CONSORT (Consolidated Standards of Reporting Trials) 2010 statement (19) .
Study participants
Consecutive NAFLD patients were recruited from two outpatient liver clinics (Academic Department of Gastroenterology, Laiko General Hospital of Athens, Greece, and 2 nd Academic Department of Internal Medicine, Hippokration General Hospital of Athens, Greece) (see Fig. 1 ). The inclusion criteria of this study were as follows: (a) age 18-65 years, (b) BMI 25-40 kg/m 2 and (c) NAFLD diagnosis based on the following criteria: elevated alanine aminotransferase (ALT) and/or γ-glutamyl-transpeptidase (GGT) levels, evidence of hepatic steatosis on ultrasound and/or compatible liver histology and no other causes of liver injury or steatosis. Patients with positive serological markers for hepatitis B (HBsAg), hepatitis C (anti-HCV) and HIV (anti-HIV), weekly alcohol consumption more than 210 g for men or 140 g for women, use of potentially hepatotoxic or steatogenic agents (i.e. amiodarone, valproate, glucocorticosteroids, tamoxifen, methotrexate and other chemotherapeutic agents), evidence of metabolic or autoimmune liver disease, diabetes or the presence of known systemic disease with potential liver involvement were excluded. History of alcohol intake was taken from the patients and was confirmed by the patients' relatives or friends. Participants who were already on a weight-loss diet were excluded from the study.
Dietary intervention and monitoring
At baseline, all three groups were given an indicative energy restriction regimen with similar percentage of macronutrients, namely 45 % carbohydrates, 20 % protein and 35 % lipids, which provided 6276 kJ (1500 kcal) for women and 7531 kJ (1800 kcal) for men. The CG received also general written dietary guidelines for a healthy lifestyle at baseline, without any other intervention until the end of the 6-month period (online Supplementary eTable 1S). Participants in MDG and MLG followed a more intensive counselling programme, consisting of seven 60-min small group sessions (three to five people), held every 2 weeks for the first 2 months and every month for the next 4 months, co-ordinated by a research dietitian (C. N. K.). Nutritional counselling was based on the goal-setting theory (20) aiming at improving diet quality and promoting energy restriction by enhancing adherence to the Mediterranean food pattern, as described in the MD pyramid (18) and the Dietary Guidelines for Greeks (21) (online Supplementary eTable 2S). In the MDG, no further instructions were given for other lifestyle parameters. In the MLG, goals were also set for enhancing activity through a moderate-vigorous intensity physical activity programme of at least 30 min/d (fast or very fast walking, slow or fast running, dancing, tennis and so on), as well as for optimal sleep duration (i.e. ≥7 and ≤9 h/d) (22) and mid-day rest (e.g. naps, siesta) (online Supplementary eTable 3S).
In MDG and MLG, compliance to the goals was checked using self-monitoring methods. In particular, multiple selfmonitoring tools were used, namely special forms according to intervention goals or 3-d dietary records. At each session, patients discussed with the researcher-dietitian any possible barriers encountered while trying to achieve the goals. To selfmonitor physical activity, volunteers in the MLG only were given a pedometer (TANITA Step TM , 3 Axes Pedometer, PD-724; TANITA Europe GmbH) and aimed at a gradual increase in steps, with the ultimate goal of 10 000 steps/d. Participants not attending three consecutive sessions were considered as dropouts.
Anthropometric and demographic characteristics
Height of patients was measured once with a Seca type measuring tape with ±0·5 m accuracy. Body weight of patients was measured using a digital scale with ±100 g accuracy, barefoot and under the same conditions in each time point of the study (baseline and at the end of the study). BMI was calculated as the weight ratio (in kg) to the square of the height (in m 2 ). Obesity was defined as BMI ≥30 kg/m 2 . Waist circumference (WC) was calculated on the average between the 12th rib and the iliac crest, with ±0·1 m accuracy. Increased (abnormal) WC was defined as >88 and >102 cm for women and men, respectively.
Those who smoked at least one cigarette a day were defined as smokers, those who had stopped smoking before their enrolment were defined as former smokers and those who had not smoked a single cigarette during their life were defined as non-smokers. The educational level of the participants was determined by years of education. In addition, information on marital status (married, unmarried, divorced or widowed), the number of children/family members and the area of residence (urban or rural) was recorded.
Assessment of dietary intake
Participants' dietary habits over the last 6 months were assessed at baseline and at the end of the intervention period using a semi-quantitative sixty-nine-item FFQ validated for the Greek population (23) and two 24-h recalls. On the basis of the FFQ, consumption of main food groups such as total, low-fat and fullfat dairy products; total, refined and non-refined cereals and products; and red meat, poultry, fish, legumes, vegetables, fruit, sweets, soft drinks and nuts were calculated in servings per day as described in the dietary guidelines for Greek adults (21) . Adherence to the MD was assessed using MedDietScore (24) . The 24-h recalls were based on the five-step method of the US Department of Agriculture (25) . Two 24-h recalls were implemented twice during the study (at baseline and at 6 months), one via telephone and one face to face with the patient. The data from the recalls were analysed for energy and macronutrient intake using Nutritionist Pro software, version 2.2 (Axxya Systems).
Physical activity assessment
The Athens Physical Activity Questionnaire (APAQ) (26) , which is validated for the Greek population, was used to determine participants' physical activity level (PAL). The APAQ was filled by all subjects twice during the study evaluations (at the beginning and at 6 months), asking participants to record a typical week of their life. Physical activity was also recorded at every session in the MLG, to check compliance to activity relevant goals. Total PAL was determined by measuring the total metabolic units (MET) expended per minute per day (MET-min/d). Total MET-min/d were calculated separately for low, moderate and vigorous exercise. Moreover, total duration of sedentary activities at leisure time was estimated. Sedentary activities were defined as all activities with total MET ≤1·5 (27) , such as watching TV, video games, reading and so on, without taking sleep into account.
Sleep duration and quality assessment
Evaluation of sleep habits was performed both at baseline and at 6 months. Habitual total night sleep hours and mid-day rest/ naps (siesta) (yes/no) were self-reported and recorded. Sleep quality was assessed using an appropriate sleep scale questionnaire (Athens Insomnia Scale) (28) . Optimal sleep duration was defined as sleep duration ≥7 and ≤9 h/d (22) .
Biochemical and clinical parameters
Blood samples were collected between 08.30 and 10.00 hours, after 12 h of fasting. Serum and plasma were isolated and frozen immediately at −80°C. Glucose levels, albumin, total cholesterol (TC), TAG and HDL-cholesterol were measured by enzymatic colorimetric assay (COBAS ® 8000 analyzer; Roche), whereas the LDL-cholesterol concentrations were calculated using the Friedewald formula (29) . Non-HDL (determined by TC minus HDL-cholesterol), as well as the ratio of TAG:HDL-cholesterol, were calculated. Insulin levels were determined by chemiluminescence method (E170 modular analyzer; Roche) and then homoeostasis model assessment of insulin resistance (HOMA-IR) was calculated using the formula of Matthews et al. (30) . Levels of liver enzymes, namely ALT, aspartate aminotransferase (AST) and GGT, were measured by enzymatic colorimetric method (COBAS ® 8000 analyzer). Normal ALT concentration was defined as ALT < 40 U/l, whereas normal GGT concentration was defined as GGT < 30 U/l. Blood pressure was measured at baseline and at the 6-month reassessment in the right hand, with patient resting in a sitting position, after having calmed down in a quiet environment.
Hypertension was defined as systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg or reception of anti-hypertensive drugs.
Non-invasive methods for detection of fibrosis
NAFLD fibrosis score (NFS) was calculated according to Angulo et al. (31) formula using six variables: age, BMI, presence of hyperglycaemia (fasting blood glucose ≥110) or previously diagnosed T2DM, AST:ALT ratio, platelet count and albumin levels. NFS >0·676 is associated with the presence of significant fibrosis, whereas <− 1·455 is associated with the absence of fibrosis. NFS scores between −1·455 and 0·675 are referred as 'indeterminate' scores (31) .
Shear-wave elastography
Reliable liver stiffness measurements (LSM) (in kPa) were performed in all patients both at baseline and at 6 months by twodimensional shear-wave elastography of the liver by the same clinician. LSM were operated using the Aixplorer ® MultiWave TM ultrasound system (SuperSonic Imagine S.A.) with the single crystal curved probe at frequencies of 1-6 MHz. The examination was considered to be reliable if at least five valid measurements were obtained based on good sonographic signal, combined with <25 % ratio of SD:mean LSM (mean value of all valid measurements per examination). Patients were categorised on the basis of their LSM results, as reviewed by Abenavoli et al. (32) , into those with LSM >6·6 and LSM ≤6·6 kPa, suggesting the presence or not of significant fibrosis, respectively.
Study primary and secondary outcomes
The primary end point of the present study was clinically significant decrease in ALT levels defined as the restoration of ALT within normal limits (i.e. ALT < 40 U/l) or at least 50 % decrease of its initial levels. The secondary end points included the restoration of GGT levels within normal limits (i.e. GGT < 30 U/l), significant improvements in liver stiffness (i.e. LSM ≤6·6 kPa) and changes in NFS scores.
Statistical analysis
On the basis of data from previously published research (14, 33) , it was assumed that primary end point could be achieved in 50 % of patients in the intense dietary intervention groups and 10 % in the CG. Hence, it was estimated that twenty-one patients were needed per treatment group (including 10 % of patients who might be lost to follow-up) to find statistically significant difference from the CG (with 5 and 20 % statistical type I and II error and 80 % statistical power, respectively).
Continuous variables are presented as means and standard deviations, whereas continuous skewed variables as medians and interquartile ranges. Qualitative categorical variables are presented as absolute (n) and relative frequencies (%). The normality of variables was checked through Shapiro-Wilk test and graphically through histograms.
The primary analyses were performed in the intentionto-treat (ITT) population, which included all patients who were randomly assigned to a study group (i.e. including dropouts from the CG, n 7/21, 33 %). Missing values were imputed using multiple imputation (MI), which involved fitting a statistical model to the observed data with the use of missing-at-random method (34) . For the analysis of the primary end points as continuous variables, the three study groups were compared by means of ANCOVA, with study group assignment as fixed effect and % weight loss and baseline value of the dependent variable as covariates. Skewed variables were log-transformed for the analyses and are presented in their anti-logarithm form.
Categorical changes for dichotomous end points were analysed with the use of logistic regression with the same fixed effects and covariates as the respective ANCOVA analysis. For secondary analyses, missing data were imputed according to MI, whereas ANCOVA and logistic regression were also used. Sensitivity analyses (per protocol analyses) were also performed to assess the robustness of the primary analysis.
A two-sided α level of 5 % was used to indicate statistical significance. CI, when calculated, were 95 % CI. Bonferroni correction was used for pairwise comparisons among the three study groups. Analyses were performed using the statistical package SPSS (version 23.0 for Windows; SPSS 2015).
Results
In all, twenty-one participants were allocated to each group. All patients from MDG and MLG successfully completed the 6-month follow-up evaluation (100 %). No harms or unintended side effects were reported by participants. Patients' adherence to the intense intervention groups, as assessed by their participation in the group sessions and the 6-month evaluation appointment, was also 100 %. Seven participants from the CG (33 %) were considered as dropouts as they did not complete the 6-month evaluation. Dropouts had higher LSM (P = 0·025) and a trend for higher BMI levels (P = 0·067) compared with patients from CG who successfully completed the study (data not shown). Baseline characteristics of all participants according to their allocation to study groups are shown in Table 1 .
Regarding lifestyle characteristics, both MDG and MLG significantly reduced hours of sedentary activities during leisure time compared with CG, after adjusting for baseline values (Table 2) . Nevertheless, at the end of the intervention, only MLG significantly increased levels of vigorous exercise, compared with the other two study groups (P < 0·001), with no other significant differences in MET-min per day or PAL ( Table 2) . No significant differences were recorded among groups regarding habitual sleep hours (P = 0·41) and optimal sleep duration (P = 0·87). However, at the end of the intervention, mid-day rest/naps (siesta) differed significantly in the MLG compared with the CG, after adjusting for baseline values (Table 2) . Moreover, although no significant differences were noticed in sleep hours among groups at the end of the study, patients in MLG improved the relative low sleep hours (P = 0·03) during intervention, whereas daytime sleepiness compared with the GG was also improved (P = 0·02) (data not shown).
Furthermore, all three study groups significantly reduced their energy intake, as estimated from 24-h recalls ( Table 2) .
No differences were recorded in macronutrient intake between the three study groups. However, only the MDG increased PUFA and MUFA intake, whereas both intensive intervention groups increased dietary fibre intake compared with the CG, after adjusting for baseline values (Table 2) . Moreover, both MDG and MLG significantly increased their adherence to the MD, as assessed by MedDietScore, compared with the CG, with no significant differences between the two intensive intervention groups (mean difference 1·6; 95 % CI −1·4, 4·7), after controlling for baseline values ( Table 2) . On a food group basis, both MDG and MLG significantly increased consumption of whole grains, fruit, vegetables and nuts, and significantly reduced the intake of refined cereals, potatoes, red meat and sweets (all P < 0·05, online Supplementary eTable 4S).
Regarding anthropometric changes, MDG and MLG showed greater weight loss (P = 0·01) and BMI reductions (P = 0·008) compared with the CG, which also showed a slight body weight reduction (Table 2 ). Nevertheless, improvements in anthropometric characteristics were similar among MDG and MLG ((% weight loss: mean difference −0·85; 95 % CI − 0·45, 1·6 and BMI = − 1·01; 95 % CI −0·97, 1·05).
Regarding the study primary outcomes (i.e. ALT < 40 U/l and 50 % reduction of ALT levels) based on the ITT analyses, MLG showed significant improvements compared with the CG at the end of intervention (Table 3) after adjusting for baseline values and % weight loss. In contrast, MDG did not show significant changes in the primary outcomes. Regarding the secondary outcomes, neither MDG nor MLG showed changes in GGT levels or NFS, but both improved liver stiffness compared with the CG, after adjusting for baseline values and % of weight loss (Table 3 ). Between the intensive intervention groups, no differences were noticed regarding the study's primary and secondary outcomes, except that patients in the MLG tended to have higher likelihood of halving their ALT levels compared with MDG (OR = 0·27; 95 % CI 0·07, 1·03), after controlling for baseline values and % weight loss. No differences among groups were observed regarding HOMA-IR, even after adjusting for weight loss. Patients in the MDG significantly improved LDL and non-HDL after adjusting for baseline values and % weight loss ( Table 4 ). No significant improvements in lipid profile were observed in the MLG. As far as blood pressure is concerned, no significant differences were observed between groups regarding systolic (P = 0·59) and diastolic (P = 0·57) blood pressure.
According to the per-protocol analyses, the percentage of weight loss was lower in CG (median −0·9 % (interquartile range −3·4, 0·79)) compared with intensive care groups, and therefore differences between groups regarding % weight loss (P = 0·024) were maintained (data not shown). Moreover, vigorous exercise remained significantly different between MLG and CG (P = 0·01), as well as between the intensive care (P = 0·05). Adherence to the MD (as assessed by MedDietScore) increased in both MDG (P = 0·005) and MLG (P < 0·001) compared with CG, with no differences between intensive care groups (P = 0·67), after adjusting for baseline values. In regard to the main outcomes, changes in ALT levels (i.e. ALT < 40 U/l (P = 0·05) and 50 % reduction of ALT levels (P = 0·047)), as well as liver stiffness (P = 0·02), remained significant in the MLG compared with CG, after adjusting for % weight loss and baseline values. However, non-significant trends were observed in the MDG (i.e. P for 50 % reduction in ALT = 0·09 and P for liver stiffness = 0·17), after adjusting for % weight loss and baseline values.
Discussion
The present randomised controlled single-blind clinical trial aimed to investigate the potential beneficial effects of the MD per se or the Mediterranean lifestyle (targeting also at adequate sleep and exercise), along with weight loss, on clinical and laboratory characteristics of ultrasonography-diagnosed NAFLD patients compared with usual care. According to the results, the MLG significantly improved ALT levels (i.e. ALT normalisation and ΑLT reduction to half levels), as well as liver stiffness, compared with the CG, and these effects remained significant after adjustment for weight loss. In the MDG, only liver stiffness improvements remained significant after adjusting for weight loss.
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Lifestyle and non-alcoholic fatty liver approaches, encourage patients to initiate and adhere to lifestyle modifications, aiming at weight loss, engagement in physical activities and adoption of healthy dietary habits, as keystones in NAFLD management (1, 35) . Weight loss has been suggested as the most important factor for NAFLD treatment (36) , and most of the studies providing hypoenergetic feeding regimes (alone or in combination with physical activity) in NAFLD patients have shown significant improvements in both liver enzymes and liver fat content (37, 38) . Indeed, according to the American Association for the Study of Liver Diseases, 3-5 % of weight loss is necessary to improve liver steatosis (39) , although a greater weight loss (up to 10 %) may be required for histological improvements and NAFLD resolution (39, 40, 41) . Furthermore, there are data supporting that as long as energetic restriction is applied the macronutrient composition of the diet (namely low-fat or low-carbohydrate diets) has little impact on NAFLD management (35) . In our protocol, we aimed at a small weight loss (approximately 5 %) in all study groups, although only the intensive intervention groups achieved this weight loss. Furthermore, even though the diets that participants complied with had similar macronutrient composition in all study groups, different effects on biochemical and clinical liver function outcomes were recorded, after controlling for weight loss, implying that other characteristics of the intensive interventions (e.g. the Mediterranean dietary pattern or the physical activity) could have contributed to these outcomes.
Regarding interventions based on the Mediterranean pattern, so far there are three published clinical trials (16, 17, 42) exploring the effect of a MD-based intervention on NAFLD; however, owing to methodological limitations, only the Australian randomised cross-over clinical trial by Ryan et al. (17) supports clear benefits of the adherence to the MD. In this study, 12 volunteers with NAFLD were assigned either to MD or lowfat high-carbohydrate diet (control diet) for a 6-week period. Rapid hepatic steatosis improvements, as measured by 1 H-MRS, and increases in insulin sensitivity, as measured by hyperinsulinaemic-euglycaemic clamp, were observed only in the MD compared with the CG. Moreover, in this study, a minimal and not significant weight loss was recorded that did not differ between the two study groups. In our study, the MDG, which received an intervention aiming only at increasing adherence to the MD, although achieving a weight reduction similar to that of the MLG, showed improvements only in liver stiffness compared with the CG, after controlling for weight loss, and not in liver enzyme levels.
MD has been suggested to exhibit beneficial effects in NAFLD treatment mainly owing to its foods choices with predominantly anti-inflammatory and antioxidant properties (43) (44) (45) . Indeed, both the intensive care groups showed a significant increase in the consumption of whole grains, fruit, vegetables and nuts. Several phytochemicals and vitamins, from fruits and vegetables, and the low glycaemic response owing to the high content of fibres, appear to be some of the mechanisms through which the MD might lower the degree of hepatic steatosis in NAFLD patients (43) . Moreover, reductions in refined cereals, potatoes and red meat consumption that have been also observed in our study have been suggested to benefit NAFLD patients (46) , as these food groups have been constantly associated with higher insulin resistance in apparently healthy populations (47, 48) , as well as in NAFLD patients (49) .
Apart from changes in the MD, both the intensive groups decreased time spent in sedentary activities, whereas MLG further increased vigorous exercise. Several studies support beneficial effects of physical exercise interventions on NAFLD in terms of improving intrahepatic lipid content and aminotransferase blood levels (8) . Indeed, these effects have been recorded irrespectively of the presence of obesity (50) and weight reduction (7) . Moreover, reductions in sitting time have a positive effect on insulin resistance in patients with NAFLD (51) , whereas long-term physical activity can lead to significant increase in the circulating soluble receptor of advanced glycation end (AGE) products levels, a sign of decreased AGE-mediated inflammation, which has been linked with NAFLD presence (52) and progression (53) . As far as sleep habits are concerned, mid-day rest/naps differed significantly in the MLG compared with the CG, whereas during the intervention participants in the MLG also increased the initially reduced sleep hours. The effect of sleep habits on NAFLD has not been thoroughly studied. Short sleep duration (≤5 v. >7 h) and poor sleep quality have been associated with an increased risk of NAFLD in men (54) . In addition, a 'healthy diet-optimal sleep lifestyle pattern' has been inversely associated with liver stiffness and insulin resistance, independently of BMI and energy intake in a sample of NAFLD patients (49) . Whether changes in sleep habits have partially contributed to the liver benefits observed in the MLG is hard to tell given the small changes achieved by the participants. Nevertheless, the MLG improved most of the liver parameters examined (i.e. ALT normalisation, ΑLT reduction to half levels, liver stiffness) compared with the CG, even after weight loss was taken into account. This fact suggests a potential synergistic and cumulative effect of the combination of adherence to the MD with enhanced physical activity and improved sleep habits, compared with the MD alone in NAFLD management. This intercorrelation of lifestyle habits has been also highlighted in the more recent description of the MD (18) , in which MD is described as a lifestyle and not just a dietary pattern, attributing part of its properties in physical activity, adequate night sleep and mid-day rest (18) . This perspective has been also discussed by Ancel Keys and the other researchers who participated in the Seven countries study (55) , and is also acknowledged by UNESCO, which inscribed MedDiet on the Representative List of the Intangible Cultural Heritage of Humanity and describes it as 'a way of lifea lifestyle'.
Regarding pathophysiological pathways, insulin resistance is considered the key pathogenic factor for NAFLD development and progression (56) . However, in the present study, HOMA-IR, as a measure of insulin resistance, did not differ between groups at the end of the study. Possibly, other markers, more sensitive to changes in insulin resistance and insulin sensitivity, such as the use of hyperglycaemic clamp or hyperinsulinaemiceuglycaemic clamp methods, could have better identified potential changes in insulin resistance (57, 58) . Nevertheless, according to the 'multiple hit' hypothesis, NAFLD pathogenesis is multifactorial (5) . Thus, we cannot rule out the possibility that alterations in other pathophysiological factors such as in proinflammatory cytokines production, adipokines, markers of oxidative stress or intestinal microbiome permeability might have mediated the beneficial effects of the Mediterranean lifestyle on NAFLD liver function outcomes.
NFS and liver stiffness determined by elastography are considered as useful non-invasive tools for the assessment of the severity of hepatic fibrosis in NAFLD patients, whereas elastrography has been reported to have better diagnostic performance for such assessment compared with NFS (59, 60) . However, their changes after any intervention and particularly the kinetics of these changes are not well studied. In the present study, liver stiffness improved in both intensive intervention groups, whereas NFS remained unchanged. A possible explanation might be that multiple processes, other than fibrosis, can contribute to elastographic liver stiffness, that is inflammation and fat content (61, 62) , which could improve much earlier than fibrosis itself after intervention leading to improved LSM without improvement in fibrosis.
The present study is not deprived of limitations. One limitation is the high dropout rate that was recorded in the CG. Given the higher severity of their condition (i.e. higher liver stiffness and BMI compared with the controls who did not drop out), probably these patients were looking for a closer monitoring of their diet. Nevertheless, the analysis was performed in the ITT population (i.e. including all patients who were randomly allocated to a study group), and without significant differences compared with the sensitivity (i.e. per protocol) analyses. Diagnosis of the disease was based on evidence of hepatic steatosis on ultrasound combined with elevated ALT and/or GGT levels. The upper limit of normal ALT used in current study was the traditional one (i.e. ALT < 40 U/I) and not the lower limits suggested by Prati et al. (63) that have not been validated in our population. Nevertheless, the efficacy of our intervention was based not only on the clinically significant decreases of ALT within normal levels but also to the 50 % decrease of its initial levels. In addition, NAFLD severity assessment was based on shear-wave elastography instead of liver biopsy, which is the gold-standard method. However, as liver biopsy is an invasive procedure carrying potential risks of several complications, newer commercially available devices of liver elastography, such as share-wave elastography, provide improved diagnostic accuracy compared with other elastographic methods and limit various physical limitations of the method, including the presence of obesity. On the other hand, the proposed intervention is simple and does not require sophisticated equipment, making intervention feasible even in healthcare services of limited resources, whereas it is based on small changes in everyday life that could constitute a realistic plan for the majority of NAFLD patients.
Conclusions
Compared with usual clinical care, a 6-month weight-loss programme based on Mediterranean lifestyle was successful in improving liver function outcomes, namely ALT levels and liver stiffness in NAFLD patients, after adjusting for weight loss. Therefore, small changes in everyday life towards the Mediterranean lifestyle, along with weight loss, can be a successful treatment option for patients with NAFLD.
